SUMMARY , From a total of 61 referred hypertensive patients, 21 were clinically suspected of pheochromocytoma but in none was this diagnosis confirmed. Instead we found nine of the 21 patients had surges of conjugated dopamine during hyperadrenergic periods unaccounted for by rise in norepinephrine (NE) or epinephrine (E). Overall, essential hypertensive (EH) patients had in plasma (ng/ml) higher conjugated dopamine (DA) (2.3 ± 0.2 vs 1.0 ± 0.1, p < 0.01), increasing with age (p < 0.01), lower conjugated NE + E(0.6 ± 0.1 vsl.2 ± 0.2, p < 0.01), and higher free E ( p < 0.007), lower urinary free DA and total DA but higher free NE + E excretions (each p < 0.05) than 24 control subjects. Following the DA surges, a short-lived urinary overflow of total DA occurred. The patients with DA surges were older, had a higher incidence of low conjugated NE + E (< 0.23 ng/ml), a higher proportion of arterial free DA, and higher venous baseline conjugated plasma DA than the rest of the patients. Patients with low conjugated NE + E had in turn higher plasma DA concentrations at several regional sampling sites than patients with normal conjugated NE + E. High conjugated DA in EH probably results from pulsatile DA surges leading to a rise of baseline plasma conjugated DA. In the short run DA pulses can result in temporary a-and /3-adrenergic actions of huge arterial free DA concentrations prior to DA conjugation; in the long run the excessive high affinity DA conjugation may take preference to the lower affinity NE and lowest affinity E conjugation and free E increases. Both result in an acute or chronic increase of sympathetic tone. (Hypertension 4: 845-852, 1982) KEY WORDS • dopamine surges • pseudopheochromocytoma I N exploring the role of catecholamines (CA) in hypertension, some research workers have recently turned their attention to some of the metabolic products of CA such as metanephrines 1 or CA sulfates; 2 and away from norepinephrine (NE), the main CA, toward epinephrine (E); 3 and to dopamine (DA). 4 Research into DA combines both these new approaches because DA circulates almost entirely in the conjugated form 5 and is therefore usually undetectable in plasma without hydrolysis. The significance of the elevated plasma concentration of conjugated DA found in essential hypertensive (EH) patients 4 remained, however, as enigmatic as the cardiovascular role of DA itself.
I
N exploring the role of catecholamines (CA) in hypertension, some research workers have recently turned their attention to some of the metabolic products of CA such as metanephrines 1 or CA sulfates; 2 and away from norepinephrine (NE), the main CA, toward epinephrine (E); 3 and to dopamine (DA). 4 Research into DA combines both these new approaches because DA circulates almost entirely in the conjugated form 5 and is therefore usually undetectable in plasma without hydrolysis. The significance of the elevated plasma concentration of conjugated DA found in essential hypertensive (EH) patients 4 remained, however, as enigmatic as the cardiovascular role of DA itself.
The determination of free and conjugated NE + E has recently shown that EH patients with low plasma EH being attributable to a spectrum of clinical and pathophysiological mechanisms, we chose to study one extreme group of patients who figured prominently in the previous study, 6 and imitated pheochromocytoma by having periodic rises of sympathetic tone and very labile hypertension. Such an extreme of the spectrum proved to be a useful lead to a better understanding of more general mechanisms in EH since it revealed evident differences in DA, NE, and E conjugation in EH as a group.
Patients and Methods
We studied 61 consecutively referred hypertensive patients (35 women and 26 men, mean age 36, range 17 to 63 years). The particularity of this population was that in many (21 of 61) there was some clinical suspicion of pheochromocytoma based on labile hypertension with hypertensive crises accompanied by flushing, anxiety, dizziness, palpations, and tachycardia, and in one patient by the additional presence of an adrenal mass. The crises were usually spontaneous, but some patients attributed them to physical activity, emotional stress, tiredness, sexual activity, premenstrual tension, or taking remedies for the common cold containing pseudoephedrine. (The descriptions were not typical for pheochromocytoma 10 since there was no paleness but there were frequent hot spells.) Two of the patients had clinical pictures suggestive of pheochromocytoma; surgical exploration had been done in other hospitals, without results, but the disease was still suspect. We have seen these spontaneous crises in nine patients during hospitalization; in one patient twice.
As a first step we assessed the diagnosis of pheochromocytoma and of other secondary forms of hypertension. The patients had normal plasma urea, creatinine, electrolytes, and rapid-sequence pyelography, except for one patient who had two renal cysts unrelated to hypertension. Patients with a more severe degree of hypertension, or any suspicion of renovascular hypertension or pheochromocytoma (n = 42), underwent renal arteriography that excluded a renovascular origin of their hypertension or the presence of vascularized adrenal tumor (the last possibility also being eliminated by CAT scan in 15 patients). The patient with the adrenal mass was found at operation to have an afunctional adrenocortical adenoma. Thyroid function tests were normal in all patients. Drug treatment of hypertension had been discontinued for at least 1 week before the study, and longer-acting drugs such as rauwolfia, guanethidine, and a-methyl dopa had been discontinued for at least 1 month. The 24 subjects (11 men, 13 women) selected as controls had a mean age of 39 years (range 21 to 52 years), no family history of hypertension, normal blood pressures, and normal routine examinations. None of the women had used oral contraceptives for at least 3 months prior to the study.
Almost all (n = 58) of the hypertensive patients were hospitalized; only three of them and the 24 control subjects were investigated as outpatients. Blood pressure and pulse rates were recorded 8 to 10 times a day in the recumbent and upright positions in all hospitalized patients. All subjects fasted overnight (at least 12 hours) and on the morning of the test spent at least 2 hours recumbent without smoking. Saline was infused by intravenous drip without heparin for 20 minutes before blood was drawn for CA determination.
Control experiments have shown" that the effects of meals on plasma conjugated DA are of short duration and can be disregarded if all subjects are fasting for at least 12 hours before blood sampling. In patients who had crises during the day we made sure that for at least 12 hours prior to the sampling they ate no foods such as bananas or cereals which contain biogenic amines.
Baseline collections for urinary CA determinations ranged between 2 and 24 hours. Subsets of control subjects (n = 14) and EH patients (n = 31) had, in addition, determinations of urinary free and conjugated DA and NE + E. Other subsets (7 controls and 19 EH patients) had plasma and urinary NE and E separately determined.
Blood was drawn from nine patients during periods they designated as a typical crisis, when blood pressure was usually higher than the baseline value. Urinary samples were obtained either over short periods (15 to 95 minutes following crises) or over 24 hours for determination of urinary free and conjugated CA.
There were 17 patients with particularly strong indications of pheochromocytoma. They were subjected to selective catheterization under visual control via the femoral vein aided by a small volume of injected contrast substance (Hypaque M 75%). Alpha-adrenergic blocking agents were not given but were prepared on a stand-by basis in case of a paroxysm. At the end of catheterization, peripheral arterial and venous blood were sampled in four patients presenting typical crises and in four others who, although still suspected of pheochromocytoma, did not have such crises during hospitalization. Blood (10 ml) was drawn into cooled plastic vials (containing 0.5 mg/ml of sodium metabisulfite) from the following sites: superior vena cava, right renal vein, and infrarenal inferior vena cava.
Conjugated CA samples were hydrolyzed by lyophilization in dilute perchloric acid 5 6 into those with conjugated NE + E low (below 0.23 ng/ml) and normal (above this limit).
We performed a more detailed analysis (by analysis of variance) among three groups of patients: 1) those suspected of having pheochromocytoma clinically and found to have DA surges; 2) those equally suspected of pheochromocytoma but without detectable DA surges; and 3) those without clinical suspicion and without DA surges. In addition, Groups 2 and 3 were compared to Group 1 by the Dunnetttest. The distributions of qualitative variables such as sex and the incidence of low conjugated NE + E were analyzed by the x 2 test. Since patients with DA surges were older than the rest of the patients, we selected an age-matched group of patients without detectable DA surges and compared them by / tests to eliminate the effect of age on the observed differences.
Results
Our data (table 1 and fig. 1 ) show that essential hypertensive patients had higher conjugated and total plasma DA than controls, and lower urinary excretion of free and total DA. The EH patients (n = 59 since two patients had only values during crisis available) had lower baseline conjugated and total plasma NE + E and a lower percentage of plasma conjugated NE + E, but higher urinary excretion of free NE + E, but not higher conjugated NE + E. When NE and E were separately determined, EH patients were found to have a higher plasma free E (but not free NE) ( fig. 2 ) and a lower degree of conjugation of both, NE and E. There was a significant increase of conjugated DA with age in EH patients (r = 0.41, p < 0.01) but not in control subjects. We found no other significant correlations between indices listed on table 1. Table 2 summarizes the clinical and laboratory data of nine EH patients in whom episodic surges of DA could be detected during the condition described by the patient as a crisis with elevated blood pressure, perception of accelerated heart beats, hot spells, and dizziness. All these patients with available baseline values had at least twice as high baseline total plasma DA as the mean of all EH patients and at least three times as high as the mean of the control group. The proportion of conjugated and free DA remained, during the surges, comparable to the baseline, for an overwhelm- ing predominance of conjugated DA. The baseline urinary total DA remained within the limits observed in other EH patients. During the crisis, there was a very considerable rise in total plasma DA with a minimal rise, no change, or even decrease in free NE or E. The urinary increase of total DA was very impressive, particularly when urine was collected in short periods following the crisis, but less so, despite high levels of total DA in plasma, with urinary collections 24 hours after the crisis. Of the six patients with DA surges whose conjugated NE + E were determined, five had baseline levels of conjugated NE + E below 0.23 ng/ ml and were included in the previous study. 6 For comparison we included one patient with adrenomedullary hyperplasia previously described in detail" who had, prior to unilateral adrenalectomy, very similar crises with total DA surges but also surges of conjugated E. After unilateral adrenalectomy, this patient continued to have a high baseline total DA and surges of it during crisis but no more rises in conjugated E. To eliminate the possibility that in the nonbasal state plasma DA concentrations would also vary widely in patients without detectable DA surges we repeatedly determined (between 2 and 9 times in the same subject) plasma conjugated DA in six such patients. When the mean of all determinations in each subject was considered as 100%, values were found to range from 48% to 214% of the mean, a range that was less than that found in patients with DA surges.
Comparison of three subgroups of patients, those clinically suspected of pheochromocytoma subdivided into those with and without detectable DA surges, and patients not suspected of pheochromocytoma and not having DA surges, has shown that the patients with DA surges were older and had higher plasma conjugated and total DA than the rest of the patients; their lowest mean systolic blood pressure was higher than that of the other patients suspected of pheochromocytoma and their conjugated NE + E lower than in patients without suspicion of pheochromocytoma.
Comparison of the patients with DA surges with an age-matched group from the rest of the patients has shown that among several indices listed in table 3 only conjugated and total plasma DA remained higher in patients with DA surges than in the rest of the patients (4.4 ± 0.4 vs 2.4 ± 0.6 ng/ml, p < 0.02 for conjugated DA), indicating that only this difference is independent of age. The difference in blood pressure and conjugated NE + E may have been age-dependent. However, the x 2 test, using a different criterion -the incidence of low conjugated NE + E -found a higher incidence of this marker in the subset of age-matched patients with detectable DA surges than in patients without DA surges (p < 0.024). The sex distribution within the three groups was not found statistically different by the latter test.
In control subjects, plasma total DA was negatively correlated with urinary excretion of total DA (r = -0 . 6 3 , p< 0.02), (fig. 3) . For hypertensive patients the values were widely dispersed, and there was no correlation between the two indices. Patients with episodic surges in plasma and urinary DA had the widest spread of values, far beyond the usual range of plasma and urine total DA concentrations. For comparison, the patient with confirmed adrenomedullary hyperplasia showed elevated total DA values clearly in the range observed in some of our patients; after unilateral adrenalectomy, the plasma total DA remained elevated although urinary excretion of total DA returned toward the values seen in EH.
The mean concentrations of free DA in the right renal vein, infrarenal inferior vena cava, and superior vena cava were higher in patients with low conjugated NE + E than in those with normal conjugated NE + E (fig. 4 ). The patients with detectable DA surges had a lower proportion of conjugated DA in the arterial blood than in the venous blood (50% ± 26% vs 98% ± 2%, p < 0.04); this difference was minimal in patients without detectable DA surges (96.5% ± 2% vs 97.3% ± 1 %). One patient from the first group had arterial free DA 50 times higher than its venous concentration (30.1 vs 0.57 ng/ml). 
FIGURE 4. Comparison of plasma free DA during selective calhetenzatton in patients with normal conjugated NE + E (O) and those with low conjugated NE + E (*) at several sites of sampling (right renal vein, inferior vena cam infrarenal and superior vena cam). The right renal vein was chosen to eliminate contamination by adrenal blood which usually occurs in the left renal vein. The patients with the highest DA mines are indicated by numbers. They suggest that high DA concentrations at all sites of sampling is a common feature of individual patients.

Discussion
More attention has been paid to the levels of individual conjugated CA in EH since measurements of this considerable portion of the circulating CA have become available. Earlier, we noticed that EH patients have elevated plasma conjugated DA" whether conjugated NE + E was normal or decreased. 6 In the present more extensive series of patients a high plasma conjugated DA was associated with low conjugated and total NE + E concentrations and a lower degree of conjugation both of NE and E as well as a high level of free E. Although this association does not prove a causal relationship and there were no significant correlations between individual indices, some circumstantial evidence suggests a causal link.
When considering the possible origin of the high total (almost exclusively conjugated) DA in EH, one cannot help being impressed by the episodic surges of DA in patients with crises imitating pheochromocytoma. DA surges probably occur at random and appear to reflect specific reactivity patterns of these patients; their detection during hospitalization depends on a certain degree of chance. Even so, differences between patients with and without such surges are apparent within the wider category of patients clinically suspected of pheochromocytoma. This suggests that the clinical pseudopheochromocytoma features are not explicable exclusively by DA surges. It is significant that patients subject to these crises had the highest baseline DA levels, even within the elevated EH range even when corrected for their older age. Most of the patients with the highest baseline plasma DA who experienced these surges of DA also had the lowest conjugated NE + E. This reciprocity is also suggested by the finding that circulating free DA at several sites of sampling was higher in patients with low conjugated NE + E than in those with normal conjugated NE + E. These complementary observations in patients having higher indices of sympathetic tone suggest that, in addition to the previously described decreased conjugated NE + E, 6 the episodic DA surges are probably a typical feature of patients with pseudopheochromocytoma.
One of the possible sources of these DA surges in EH patients is an increased release of DA by the adrenal medulla 4 ' l3 where DA, an indicator of adrenomedullary hormone synthesis, increases in response to neurogenic stimulation. 7 In favor of this origin is the considerably higher proportion of free DA in the arterial blood than in the venous blood; since the pulmonary circulation does not modify CA, the arterial blood reflects concentrations in the vena cava system to which the adrenal outflow is the closest. Dopamine from ganglionic interneurons having fenestrated blood capillaries suggesting endocrine function 17 or a leakage of DA from noradrenergic terminals can, however, not be excluded. Increases of plasma free DA were observed in response to stress in the rat 18 and dog 19 and in response to upright posture and exercise in humans. 20 DA could also be released in response to salt and volume expansion. 21 These increases easily escape detection since DA is conjugated so avidly that free DA can only rarely be detected, and conjugated DA has not previously been determined. It is not clear whether there is a morphological substrate to this functional state. Although there was a suggestion in some patients of adrenomedullary hyperplasia, 22 adrenomedullary exploration was not justified. The pre-and postoperative findings in the patient with confirmed adrenomedullary hyperplasia, who following unilateral adrenalectomy ceased to have E surges during crises but whose remaining adrenal gland still produced considerable amounts of DA, are compatible with adrenomedullary hyperplasia being a possible source of DA surges.
Another contributing factor to high plasma conjugated DA could be the diminished DA disposal by the kidney, as suggested by a decreased free and total urinary DA excretion in EH patients. A renal defect in the free DA clearance was postulated in EH patients when their urinary excretion of free DA did not rise, unlike control subjects, in response to sodium load 23 or furosemide administration." Whereas in control subjects plasma and urinary total DA concentrations were negatively correlated, in EH patients this relationship was disrupted. Patients with DA surges had baseline urinary DA excretion in the lower range for EH patients ( fig. 3 ). This decreased kidney capacity to clear DA from the circulation can be partially overcome by huge sudden increases of plasma DA and result in short-lived DA overflow, as reflected by higher concentrations in urine collections over short periods than over 24 hours. Such DA surges in hyperadrenergic hypertension could explain why this particular subgroup of patients has previously been observed to have highly elevated urinary excretions of homovanileic acid, the main metabolite of DA. 24 Although rises of free DA may cause the crises before DA's conjugation by reason of its a-and /3-adrenergic actions at high arterial concentrations 25 (which appear to be underestimated when only venous DA is measured in these patients). However, DA is probably not the CA responsible for the hypertension since it has rather antihypertensive actions in the long run. 4 A plausible mechanism for a cause-and-effect relationship is that DA, having a much higher affinity toward platelet phenolsulfotransferase (PST) than plasma NE and E, 8 induces by its increasing concentrations a substrate inhibition of" PST activity; 26 the sudden release of DA would competitively inhibit the lower-affinity conjugation of NE and the lowest-affinity conjugation of E. Epinephrine appears to be most affected by a conjugation defect in pseudopheochromocytoma; 16 free E was elevated in the present series of EH patients, particularly in those with DA surges. The adrenomed'illary release of E of which DA is a marker, 7 may thus lead to an elevated free E concentration not only as a result of this secretion but because the DA competitively inhibits its conjugation by PST. 26 Surges of DA may, by impeding the biodisposal of endogenous free E and NE, therefore have an indirect effect on the adrenergic tone.
It can be concluded that, among EH patients who are most prone to imitate pheochromocytoma by experiencing somewhat atypical crises, most of them previously found to have low conjugated NE + E 6 are those who have the highest propensity toward an excessive DA release, which is better reflected by measurement of conjugated DA having a longer half-life than free DA. DA release may represent a compensatory antihypertensive mechanism 4 or a hyperresponsiveness to an even minor stress, 27 both compatible with DA-releasing mechanisms 7 activated by pulsatile hypothalamic discharges. 28 Increased DA release and its decreased renal disposal result in an increased plasma DA, which progressively rises (unlike in control subjects) with age. In this respect the older age of the 
Addendum
During the time that this paper was under review, we observed 13 similar patients with paroxysmic BP peaks and plasma and urinary DA surges of a comparable order. In addition to the increased baseline conjugated DA in these patients, we observed a postural increase of conjugated plasma DA not found in control subjects, and other provocative stimuli (such as bladder distention, anal stimulation. Valsalva maneuver, coronary ischemia, imipramine, or phenoxybenzamine administration) which probably were precipitating the BP peaks and DA surges.
